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PIONEER 11
DOPPLER TRACKING (JUPITER ENCNTR)

73-015A-09A

This data set has been restored. There was originally one

7-track, 800 BPI tape written in Binary. There is one restored tape.

The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.

The original tape was created on a 1108 computer and the restored
tape was created on an IBM 9021 computer. The DR and DS numbers

along with the corresponding D number are as follows:

DR# DS# D# FILES TIME SPAN

[ g, - s e o —-—— - -——— —— e -

DR0O05639 DS005639 D02398% 1 04/17/74 - 12/25/74




PIONEER 11
DOPPLER TRACKING DATA

73-019A-09A

This data set contains one Pioneer 11 doppler tracking data tape.

The data were created on a UNIVAC 1108 using FORTRAN IV unformatted

write statements, and are 800 BPI, binary, 7 track, with one file of data.

The tape consists of a series of records, divided into groups, which
describe the tape itself, or contain actual satellite data. The tape
begins with a File Identification Group, followed by a User Label Group,
a Ramped Transmitter Group (described in Appendix A of format), and
Orbit Data Summary Group, an Orbit Data Identifier Group, an Orbit Data
Group (which contains the actual satellite orbit data), a Control
Statement Group, and a Close File Group. All records are written in
logical records of 28 (36-bit) words except for the Orbit Data Group
records which are 252 words each.

The time span for the data is as follows:

D# c# - TIME SPAN

— it

D-23989 C-20767 - 4/17/74 - 12/25/74
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NSSDC AIM FILE FREE TEXT ENTRY SHEET (Working Copy)

Spacecraft Common Name: Originator Date /
J‘QWH Agent Assigned ¢ s Dateséz;z

Sys. Coord. ‘ Date
NSSDC ID 9% - O(FA - 094

[IBrief Description [_JNew [ ] Add/Replace D Objectives
Date Last Updated:

D Full Description

‘ B@rials for Distribution D Performance Summary
]:]Remarks D Potential Scientific Uses of Data
E]Accession Units [:] Data Set Quality

D Master Data Record Release Summary

(Note: Indicate new, add, replace, delete existing data, and/or other appropriate
instructions for each free text field that follows, except brief description.)

Tﬂ‘ . Material to be sent includes copiex of a letter (dated July 14, 1976,
from G, Null to C, Wende), a description of the tape format, a copy of
TR 32-1527 ('Mathematical Formulatinn of the Double-Precision 1:4%%“?
Orbit Determination Program (DPODP)}Y, JPL Tech, Memorandum 391-412,
a copy of an article from Science (vol, 188, no, 4187, entitled
'Pioneer 10 and 11), a copy of a paper emtitled 'The Gravity Field of
Jupiter and its Satellites from Pioneer 10 and 11 Tracking Data'),
and copies of a lsit of tracking statiom locations, initial trajecgory

conditions, and a partial listing of the tape contents (all grouped under

TRF B )a

T‘*-.
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LJ JET PROPULSION LABORATORY California Institute of Technology « 4800 Oak Grove Drive, Pasadena, California 91103

FHD-328 |
14 July 1976

Mr, Chuck Wende

National Space Science Data Center
Code 601.1 '

Goddard Space Flight Center
Greenbelt, Maryland 20771

Dear Mr. Wende:

This is to notify you that I have mailed a magnetic tape contaiiing P_oncer 11
doppler tracking data to you at the National Space Science Data Ce-te. {NS3DC) .,

These data, which cover the period .15 October - 28 December, 1974 wer: .~kem
a¢ar Jupiter and used by the Pioneer 10/11 celestial mechani-s »nerico g,
Or. J. D. Anderson of JPL and myself. The tape you wi'i re...ss tape 40

was written at JPL on a Univac 1108 computer in the standarc 7 Tra. K,
BPI Fortran mode with 36 bit word length, Please sena a repiacenent
to me at the address given above, '

The following explanatory materials are enclosed:

1. A description of the data tape format. Some of the doppler track..c cava
were taken while the ground transmitter frequency was changing at « pre isely
controlled linear rate., A list of the times at which these data were :iken is
given in the following table. The necessary information about the ranmped rrans-
mitter frequency is given in the ramped transmitter groups on the track.ag data
tape. These groups are defined in appendix A of the tracking format aescription.

PIONEER 11 RAMP PASSES

Approx. Ground  Approx. Ground
Transmit Time Rece.ver interval

DAIE ST4 (U.7.0)

22 Oct. '74 14 " 0500 - 0520 0430 - 0730
27 Oct. '74 14 0600 - 0620 0530 ~ 0830
3 Nov. 7Y 14 0400 - 0420 0330 - 0.30

7 Nov. '74 14 0100 - 0170 . 0030 - 0337
13 Nov. '74% 43 0730 - 0750 0700 ~ 1000
21 Nov. '74 14 0100 - 0120 0030 - 0330
25 Nov. '74 43 0800 - 0820 0730 - 1030

Twa 775 o




JET PROPULSION LABORATORY Galiforuia Institute of Technolagy « 4800 Qak Grove Drive, Pasadena, California 91103

Mr. Chuck Wende \ ' 2 13 July 1976
1 Dec. '74 14 0150 ~ 0210 0120 - 0420
3 Dee. '74 14 0401 - 0427 0400 - 0627
* : .
10 Dec. '74 43 0530 - 0550 0500 - 0800
- 0550 0500 - 0800

15 Dec. '74 43 0530

* ! B
3 Nov., 13 Nov., 10 Dec., Ramped Intervals had bad data (round
trip signal delay was about 80 minutes)

2. On copy of TR 32-1527 Gefining the standard S-band, two-way observable
found on the data tape. See pages 19-22, 46-50, 72-75. The observables on
both the Pioneer 10 and Pionecer 11 data tapes were adjusted for the effect
of spacecraft spin on the observable and the revised values substituted

for the original ones. The correction (Af) added to the S-band Doppler
observables was computed from

Af = w(.034766213) Hertz

where w is the spacecraft spin rate in revolutions per minute. This correc-
tion follows from the fact that the Pioneer 10 antenna is rotating and right
hand circularly polarized; the correction was verified by ground tests and
with the spacecraft themselves. The Pioneer 10 corrections for 15 October -
28 December '73 were in the range .16531 Hz to .16525 Hz. The Pioneer 1l
corrections for 15 October - 26 December, '74 were in the range .17558 Hz to
.17542 Haz.

Doppler biases of the size shown have a negligible effect on the Jupiter
gravity solution provided that either a constant Doppler bias or a conic
planetary ephemeris correction is included in the solution. The use of the
wrong value of the bilas would produce an erroneous range rate correction

to the planetary ephemeris, however.

- 3. One copy of T 391~412 by T. D. Moyer giving the necessary equations for
computing ramped Doppler.

4. A reprint of a Pioneer 11 journal article giving the preliminary results
of the Pioneer 11 Celestial Mechanics Experiment (pp. 1-2, 476-477), and a
preprint of results from the Pioneer 10 and 11 combined analysis (submltted
to the Astronomical Journal July, 1976).

5. A list of Deep Space Net Tracking station locations.

6. Trajectory coordinates sufficilent to start a least squares adjustment.

7. A listing of the beginning records of tape X&40.




JET PROP'ULSION LABORATORY Galifornia {nstituie of Technology » 4500 Gak Grave Drive, Pasaricna, California 91103

Mr. Chuck Wende 3 ‘ 14 July 1976

The Pioneer 11 spacecraft was perturbed by orientation maneuvers at the
following times (UTC)
17 October 74 17
6 December 74 16
20 December 74 16
3 January 74 3.

== -

=2

The velocity perturbations were almost entirely along the earth line with
a magnitude of less than 0.5 mm/sec. The tracking data provided is S-band,
two-way Doppler data. Each data ~ecord contains both the observed Doppler
(F) and the tramsmitter frequency (fq) as defined in item (2). :

Please instruct any potential users of the data to contact me if any ques-
tions arise concerning its use. Informacion concerning the Pioneer 10 solar
radiation pressure can be obtained upon request Lo Me; the memos describing
this effect were too lengthy and complicated to include in this mailing.

The effect of solar pressure on the Pioneer 10 and 11 spacecraft (primarily
from the parabolic antenna and RTG's) can be approximated for the 15 Qctober -
28 December period by an acceleration in the sun-spacecraft direction given
by

T, = k/r2 where ¥ is in km/secz,

b =‘sun-spacecraft distance in km
and
k = 3.89 x 10° kn’/sec’.

This approximation has an error less than ',1.0_JLB km/secz. In addition there
is an acceleration (r ) of .6 X 10-12 km/sec2 normal to the sun-spacecraft
line and located in the sun-spacecraft-earth plane. This acceleration is
in the same half plane (divided by sun-spacecraft line) as the Earth.

The following table shows the actual solar pressure accelarations Ty and T
for the full solar pressure model and the inferred value of K.’

. ~Ear:z;fzi;§§raft ER x 1012 . X x 10'6 ;n < 1042
18 Oct 74 '8.4° 7.758 3.938 .49
3 Dec T4 11.4° 7.019 3,882 .61
22 Dec 74 11.1° 7.323 3.888 .62

The maximum earth-spacecraft sun angle for the encounter period was 11.49
degrees on 28 November, 1974.

[ ]
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JET PROPULSION LABORATORY California Instituie of Technology « 1800 Oak Grove Drive, Pasadena, California 91103

Mr. Chuck Wende

GWN:ii

enclosures

14 July 1976

Sincerely yours,

oo W Pl

George W. Null

Member of Technical Staff
Tracking & Orbit Determination
(213) 354~2052

L]



9.1

9.1.1

9.1.2

9.2

9.2.1

615-124

SECTION IX

OD FILE LOGICAL RECORD FORMAT

GROUP RECORD WORD TYPE CONTENT

FILE IDENTIFICATION GROUP

Header Record

I

S 11
I 4
I 1
I 101
I 0

Size (in integer words) of each logical

record in para 9.1,2

Identifies content of 9.1.2 records as BCD.

Indicates group does not end with a trailer recoxrd.

File id. group indicator
Not used

One Record Which Identifies the File

1

2-4 ° BCD "SPACECRAFT ID=xx. "where xx is the spacecraft
number input by the user in the OD-FILE statement.

5-9

10-11

1 10

BCD "¥,M,D,H, M=xx,xx,xx,xx,xx ,1108" where the x's

The number of integral words in the record.

represent the time the file was written.

BCD " ODE=xxxxxx" where x“‘denotes the version of QDE

that created the file,

USER LABEL GROUP

Header Record

I 15
I 4
I 0

Size (in integer words) of each logical record

in para. 9,2.2

Identifies content of 9.2.2 records as BCD

Indicates group ends with a trailer

]



615-124

4 I .10'3 Label group indicator

5 1 0 Not used

9.2.2 Zero or More Records of BCD Descriptive Test

These would be input to the ODE by the user via the OD-FILE state-
ment. The text would include any comments the user would have concerning

the circumstances under which the {ile waslcreated. _
1 I 14  The number of integral words in the record.

2-15 BCD 84 BCD characters taken from the LABEL
' parameter of the OD-FILE statement

9.2.3 Group Trailer
U S

2 BCD Six BCD zeros
9.3 ORBIT DATA SUMMARY GROUP

9.3,1 Header Record

1 1 9 Size (in integer words) of each logical record

in para. 9.3.2
2 1 2 Identifies content of 9.3.2 records as DPFP
3 1 0 Indicates group ends with a trailer
-4 I 105 Orf;it data suramary group indicator

5 I . v} Not used

9.3.2 A Record For Each Data~Type that Exists for Each Station/Band
1 1 4 Number of DPFP words in the record

2,3 DPFP 1.0000000bc00cefiD+16

[T
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615«124

where

radio band indicator (See Orbit Data Group)

[

b

¢ = tracking network indicator {See Orbit Data
Group) B
ee = receiving station number - :
“ ff'; = data-type indicatpr (See Orbit Data Group) '

4,5 DPFP Number of points

6,7 DPFP Time of earliest point ! ) Seconds after
. .} January 1, 1950,
8,9 DPFP Time of latest point / ) 0:0:0.0 , f

9.3.3 Group Trailer ' - , ]
I | : ;
2 DPFP 0.0D+0

\ 9.4 OREBIT DATA IDENTIFIER GROUP
9.4.1 Header Record ’ e | L
l
1 I 6 Size (in integer words) of each logical ;

record in para 9.4.2

2 I 4. Identifies content of 9.4.2 records as BCD, :
3 I 1 Indica.teg group does not end with a trailer .

record, lf
4 I 107 Orbit data identifier group indicator '
5 I 0 Not used

9.4.2 One Record which Identifies the Various 'Fields and Their Positions
Within the Orbit Data Record '

A Lo

2=6 BCD (TIMTAG, IDWORD, OBSVBL, FREQCY, PASSID).

5 Number of integral words in the record.

- [TT



| 1o
21

31

4 1

| 5 1

9.5.1 Header Record

/ 9.5 ORBIT DATA GROUP

24l

109

615-124

‘Size (in integer words) of largest logical

‘record in 9.5.2,

Identifies content of 9.5.2 recoxrds as DPFP,

Indicates gfoﬁp ends with a trailer

Orbit data group indicator

Not used

9.5.2 A Series of Records (possibly void);

1 I M The number of double precision words of
r\ data in the record. M=120 except possibly
for the last record in which M=R%*5 where R is
the number of logical records within the
record.
2 to2M+l I M/5 logical o
‘records
A logical record is as defined below
Orbit Data Logical Record | | | g
Words Mode Contents "
1,2 DPFP Time of observation; seconds ater
January 1, 1950 0:0:0,0
3,4 DPFP l.aaaaaaabcddeeffD+16 | ‘i
where
aaaaaaa = doppler compression time in hun-

dredths of seconds for doppler data

.l LS

n

0 for DRVID
= ranging components for rvange data

= 0 for angle data
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615-124

H

i

®

radio band indicator. 1 =8, 2 =X,
3=L, 4=LS

tracking network indicator. 1 = D8N,
MSFN, 3 = ETR

transmitting station number

receiving station number

data~type indicator

11

53
54
55

one-way doppler (F1)

two-way doppler {F2)

three-way 'doppl_er (F3)
tliree-‘way‘coherent doppler (F3C)
DRVID using TAU ranging (DTAU)
DRVID using MU ranging (DMU)
DRVID using PLOP ranging
{(DPLOP)

DRVID using PLOPZ ranging
(DPLOP2)

DRVID using MUZ2 ranging (DMUZ2)
ETR range (ETR)

MARK 1 range (MARK])
MARKIA range (MARKIA)

Tau range (TAU) '

Mu range (MU)

planetary operational discrete
spectrum (PLOP)

planetary operational continuous
spectrum (PLOP2)

planetary R&D (MU2}

azimuth (AZ) ‘

elavation {EL)

hour angle {HA)

declination (DEC)

= X30 (X30)

1



9.5.3

9.6

9.6.1 -

: TR |
e R L e

615-124
N
56 = Y30 (Y30) /
57 = X85 (X85)
58 = Y85 (Y85)

5,6 DPFP One of the following
i) doppler observable
i1) DRVID observable
iil) range observable ‘ ’

iv)  angle observable

7,8 DPFP Reference irequency for doppler, DRVID and range
data, 0 for angle data, where reference frequency is

defined as the frequency of the

i) Transponder if doppler ground mode is one-way

ii}  Transmitter if doppler ground mode is two-way,

three-way, or three-way c¢oherent. Reference
frequency is taken at light corrected time of

data point.
9,10 DPFP l.aaaabD+16
where ' B

Pass identification

aaaa
b

]

Split pass identification
The logical data records are ordered in increasing
order of time/net/station/data t_ype/band.
Group Trailer
1 I 1
2,3 DPFD 0.0D+0

CONTROL STATEMENT GROUP

Header Record

1 I 15 Size (in integer words) of each logical record

- in para. 9.6.2

T
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9.6.2

9.603

9.7

9.7.1

9.7.2

615-124
2 I 4 Identifies content of 9.6. 2 records as BCD
3 I 0 Indicates group ends with a trailer
4 I 111 ODE control statement group indicator
5 I 0 Not used

BCD Card/Line Images of All the ODE Control Statements
o1 I 14 The number of integral words in a record

2-15 BCL 14 words of card/line imate (84 BCD characters)

Group Trailer
1 I 1

2 BCD Six BCD zeros
FILE CLOSE GROUP

Header Record

1 I 1
2 I 5
3 | I 0
4 | 1 ‘ 0
5 : IV 0
End of File Mark . . | oy

The entire OD f{ile is written and read with non-formatted (binary)

read and write FORTRAN V statements. The data within each record are

ordered and typed as specified above; the various file groups.are also ordered

ag shown in paragraphs 9.1 through 9.7.

i e
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APPENDIX A

-_,-—-—-—'-'—.
Format.of the Ramped pransmitter Groups On
the Type 66 ODE rracking Data File

wne ramped transmitter groups shall appear on the ODE data file between
the User Label Group end the Orbit Data Suwmmary Group. There sball be
one Ramped Transmitter Group cor each station for which ramped trans-

pitter information was supplied to CODE. Each of these graups shall have

the format
1. Header
Word
1 1 129 Maximum size (in 5.%. worda)
- of each data record
2 I 2 Tdentifies data records as
double precision
3 I 0 Indicates group ends with
a trailer record
4 : I 2030 " Key 1
p, I pofert Key 2
Station :
Nurcher .
L ,“;.27{ a\’,@y; ’-‘—%Bca,lééyz.':o

A .,
2. Data records ' s

Each cata record shall consist of an integer KWORDS plus up €0 16
packed transmitter messages. Each transmitter message will ¢contain
four double precision words &8 follows:

D.P. WORD
1l To, Beginning time of ramp in seconds past 0h 1 Jauary 1650.
2 TF’ End time of remp in seconds past Oh 1 January 1950.
3 DCO trensmitter frequency in Hz at I, (22 45 MC)
| Efvco = (fnco + 20 MHz)/31
b DCO frequency rate to be applied between T, and To» Hz/sec.

3, Troiler record (stendard type 66).

H THE TRANSH TTRE REFECRAT To IW
TRI 21527 ond T SG0- HiF s

rdi Voo FRivuiney (5 22MHE)

m
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